A relationship between evening technology use and sleep has been established, and models suggest various mechanisms to explain this relationship. Recent updates to these models also suggest the influence of individual difference factors, such that the relationship between technology and sleep varies between young people. Flow is an experience of immersion and time distortion that could vary between adolescents when using technology. The aim of the present study was to investigate the effects of flow on the self-selected bedtimes of adolescents when videogaming. 17 older adolescent, experienced videogamers (age=15.9±0.83 yrs) played a new videogame on two school-night evenings in a sleep laboratory. Game difficulty was set to 'hard' one evening (flow condition), and the other set to 'easy' (disrupted flow). Measures of trait and state flow were taken, along with heart rate during videogaming, and bedtime measured objectively with real-time cameras. An interaction effect for heart rate indicated an elevated heart rate in the easy condition after 150-min of gaming (p<.02). No significant differences were found in bedtimes between the easy and hard conditions (p=.77). Adolescents high on trait flow played for longer and selected significantly later bedtimes than their low trait flow peers, but only for the hard 
Introduction
Homes have witnessed fluctuations in the popularity of videogaming consoles, from the rise and fall of second generation consoles from 1983 to 1985 (i.e., Atari, Colecovision), to the resurgence of the fifth generation consoles led by the transition from 2D to 3D polygon graphics (e.g., Sony's PlayStation) in the early 1990s 1 . From 2011 to 2015, videogaming has still been an increasingly popular activity and social pastime, particularly for adolescents, with increases between 12-18% 2, 3 . Average daily videogame usage of adolescents is at least 1 hr duration 4, 5 , and 1 in 3 adolescents play videogames between 3 and 9 hrs daily on weekdays 6 . Consistent with increased usage is that technological devices are also becoming more accessible. Accessibility to sole owned media devices (but not shared devices) predicts the number of hours spent videogaming on weekdays and weekends 6 . The expansion of videogaming during an adolescent's day has the potential to displace (i.e., delay) their bedtime, and thus sleep [7] [8] [9] . Delayed bedtimes in the context of fixed wake-up times (e.g., due
to school) that occur during adolescence can lead to the truncation of the sleep period and sleep restriction 10 , which in turn can have negative socio-emotional, cognitive and functional consequences (e.g., lower grades) [11] [12] [13] . However, although school week wake-up times remain fixed for adolescents, there is individual variability in extrinsic (e.g., parent-set bedtimes, access to technology) and intrinsic factors (e.g., perception of the consequences of risky events), which may influence bedtimes, and therefore sleep timing and total sleep time 6, [14] [15] [16] .
Identifying which adolescents may be 'at risk' is important to prevent detrimental effects on their overall health and well being.
A recent systematic review reported that videogaming is associated with both delayed bedtimes and reduced sleep quantity in adolescent samples 17 . Quantification of these studies shows a small effect of increased use of videogaming with delayed bedtimes (mean weighted r w =0.12), yet a negligible effect with sleep duration (r w =0.03) 18 . Detailed analysis of experimental studies shows minimal influence of videogaming on sleep quantity (+2.9-10 mins 19 ; -7.3 mins 20 ). However, emerging evidence suggests that individual differences play an important role in the bedtimes of adolescents playing videogames. Adolescents who perceive fewer negative consequences of risky events self-select significantly later bedtimes 15 , and "high exposed" videogamers experience reduced bedtime alertness as compared to "low exposed" videogamers following violent videogaming 14 . Adolescents who identify as an 'evening type' (i.e., prefer later bedtimes) are more likely to use a computer and/or play videogames 21, 22 . Thus, it has been suggested that "future studies should collect Flow can be further differentiated into 'trait flow' and 'state flow'. Trait flow is the innate disposition for an individual to experience flow during activities, whereas state flow is the extent to which flow is experienced in a particular activity 30 . Moreover, trait flow is closely linked to personal characteristics 31 . The distinction between trait and state flow has been made during various engaging activities, such as music and sport 32, 33 . However, despite research demonstrating the existence and importance of flow during technology use and videogaming 6, 25, 28 , to our knowledge, no studies have investigated the extent to which flow experiences are more trait driven (i.e., individual factor) or state driven (i.e., engendered by the conditions of the environment) and whether these affect bedtimes. The current study will investigate the degree to which trait and state flow experiences influence videogaming duration, and in turn, adolescents' self-selected bedtimes, in a controlled laboratory environment.
We expect that game difficulty will be related to the amount of flow (state and trait) experienced during videogaming. This is based on the findings that flow is produced by a balance of challenge and skill 29 . Indeed, game developers are acutely aware of sustaining users engagement by using artificial intelligence (i.e., dynamic game balancing), that automatically balances the game experience away from boredom (too easy) and frustration (too challenging) 34 . Therefore, we predict when skill is held constant, for example in a M A N U S C R I P T A C C E P T E D 
The current study used a within-subjects design. The independent variables were game difficulty (easy, hard), self-reported trait flow (high, low), and self-reported state flow (high, low). The dependent variable was self-selected bedtime.
Procedure
The study was advertised as a "videogaming and sleep" study that would investigate the relationship between how engaging videogames are, and the effect this has on sleep and the body". No mention was made about the observation of bedtimes. Interested adolescents completed the Game Engagement Questionnaire (GEQ -trait flow measure) 45 Hioki E.E. Corporation, Nagano, Japan). Bedroom doors were closed from 8:30PM, and adolescents were monitored via web-streaming IP cameras until their self-selected bedtime.
Adolescents played two difficulty levels ('Adventurer'=Easy, or 'Seasoned
Raider'=Hard) across the 2 testing nights (condition difficulty). Condition order was counterbalanced across participants. Mann-Whitney U-tests indicated no effect of testing
order on self-selected bedtime, U= 30, z= -.58, p = .56; U= 28, z= -.37, p = .71. Play was unrestricted until 1:00AM where adolescents were instructed to turn off consoles, in order to obtain a minimum amount of sleep for school 46 . Upon finishing videogaming for the evening, adolescents were given the Flow State Scale (FSS) 47 to complete. Participants were woken at 7:00AM the following morning, given breakfast, completed the visual analogue scales, and then they dressed themselves for school. Adolescents were collected by parents/guardians from 8:00AM onwards. On the second morning, in addition to the VAS, adolescents were given a written debriefing sheet and remuneration (AUD$50 gift voucher). A total of 18 participants were enrolled in the study, however 1 participant was excluded from the 2 nd night of the study due to failure to engage in the protocol. After entire study data were collected, adolescents were sent a debriefing information informing them about the true intent of the study (i.e., the effect of flow on bedtimes whilst videogaming / not the arousing effect (increased heart rate) of videogaming on sleep).
Materials Technology use
Rise of the Tomb Raider (Square Enix, 2015) was chosen as it was a newly released (<6 mo), novel game, and previous research suggests such single-player story-based games are engaging 15, 20, 48 . Rise of the Tomb Raider was one of very few games available that enabled manual manipulation of game difficulty (i.e., free from dynamic game balancing) 34 .
The average minimum completion time of 14-15 hrs 49 , was >9 hrs of total game play allowed across the 2 laboratory testing nights, and is a similar completion time to other games used in previous videogaming-and-sleep studies 15 . Adolescents played the game without any social engagement (e.g., in-game chat) as such social interaction can vary between pairs/groups of adolescents, and thus exert a confounding influence on the study's variables of interest.
Self-selected bedtime
Bedtimes were defined as the time adolescents turned off the game console and TV in order to initiate sleep. Bedtimes were recorded in 'real time' via live video camera monitoring (TECHview IP Camera Model QC-3832 for Windows; infrared lens, viewing angle of 80° and vision up to 15m), and were defined as the time adolescents turned off the game console and TV.
Two subjective measurements of flow were obtained. Trait flow was assessed using the Game Engagement Questionnaire (GEQ) 45 
Heart rate
Heart rate was used as a proxy objective measure for flow states, as previous research has demonstrated a link between heart rate and self-reported flow (i.e., greater flow states approximate lower heart rates) 51 , and our previous studies investigating the link between videogaming and adolescents' sleep also used heart rate 20, 36 (as opposed to heart rate variability 14, 52 ). Recent research on the relationship between flow and HR demonstrates that flow is associated with moderate (rather than high or low) sympathetic arousal, but has a linear relationship with parasympathetic arousal 53 . Heart rate (in beats per minute [BPM])
was measured using Polar RS800CX and Polar RS400 watches. Both models use a WearLink wireless transmitter, were activated in 'free training' mode, and were shown in heart rate view, which displayed speed/pace/calories stopwatch and heart rate. Additionally, both the RS800CX and RS400 models have identical accuracy (±1%) and heart rate measuring range (15-240 BPM; Polar RS400 & RS800CX manuals). The watch was activated by researchers simultaneously to the start of game play, and recording ceased upon morning waking. This allowed measurement of heart rate across game play and up to self-selected bedtimes. Heart rate data were binned into 10-min intervals, and analysed using the Polar Protrainer v.5 software (Polar Electro; Kempele, Finland). This approach of measuring heart rate across multiple time points during game play is more refined than some previous studies 36 and is consistent with more recent research 20 .
Visual analogue scales
A series of 100 mm visual analogue scales (VAS) were developed for the present study and provided to adolescents in the morning to assess their enjoyment of the game (i.e.,
"I enjoyed videogaming/I did not enjoy videogaming", and "I wanted to keep videogaming/I
did not want to keep videogaming"), and sleep quality ("poor/excellent"), respectively. As previous research has emphasised a focus on individual differences 14 , we explored whether self-selected bedtimes varied due to individual differences in trait or state flow ( Figure 2 ). When a median split was applied to GEQ-F (trait) data (i.e., low vs high trait flow), an independent samples t-test showed no differences in bedtimes in the easy condition (low trait = 11:20 PM ± 104.0min; high = 11:56 ± 81.5min), t(13)=1. 23 
< Insert Figure 2 about here >

Motivations for gaming cessation and for self-selected bedtimes
Adolescents experienced high enjoyment during videogaming, a high desire to keep videogaming and did not experience gaming satiety (Table 1) . A series of paired-sample ttests indicated no significant differences across 'hard' or 'easy' conditions on these measures.
Adolescents were motivated by sleepiness, needing to be rested for the next day's commitments, and had an awareness of the late hour when self-selecting bedtimes. A series M A N U S C R I P T A C C E P T E D adolescence, but that these are under-investigated 14 . We have previously identified a new factor, flow, which showed in a survey of 422 adolescents that greater trait flow was related to longer videogame duration and later bedtimes 23 . In the present laboratory study, there was evidence that trait flow, was again, linked to later self-selected bedtimes (as was state flow), which, due to its possible mechanism of time distortion [25] [26] [27] [28] may impact negatively on sleep subsequent to videogaming.
Based on the notion that more difficult videogames would create a balance between challenge and skill for the experienced videogamer 29 , we predicted that flow would be induced during the hard difficulty level (H1). Flow has been shown to be negatively related to heart rate (i.e., the greater the flow, the lower the heart rate) 51 . We found that heart rate remained at consistent low levels during videogaming in the hard condition (i.e., when there was a match between challenge and the videogamer's skill). Yet, when our sample of experienced videogamers were provided with the same videogame, with difficulty set to 'easy', heart rate significantly increased after 150min (2hrs 30 min) of gameplay. This suggests that flow was disrupted, possibly due to a mismatch between game challenge and the player's skill, and thus supports H1. However, in our study, both self-reported state and trait flow were not significantly related to heart rate in the present study. The extent to which sustained periods of videogaming impacts physiological measures, such as heart rate, has been measured by a small number of studies 14, 20, 52 . These studies suggest that some game factors, such as content (e.g., violence), significantly predict heart rate during videogaming,
but that other game factors (e.g., duration) do not. The current study broadens this limited area of research by the discovery that disrupting flow may have an eventual impact on adolescents' physiology during videogaming. Increased arousal has been suggested as a key mechanism through which technology use may impact sleep 8, 54 and the current study provides some support for this mechanism. Interestingly, heart rate has a circadian decline in the evening as individuals approach to sleep onset 55 , thus we speculate that the constant heart rate and flow state during the 'hard'conditions masked this circadian decrease in heart rate.
We found that simply providing a situation of disrupting flow (i.e., providing an easy game difficulty that is below players' skill level) was not enough in and of itself to influence self-selected bedtimes of adolescents in our sample (H2). Instead, adolescents' with high levels of trait flow selected a bedtime ~1.5 hrs later than their low trait flow counterparts.
Yet, this only occurred during a situation that engendered optimal flow conditions for these experienced gamers (i.e., hard game difficulty). When flow conditions were disrupted (i.e., easy game difficulty), high trait flow adolescents went to bed 36-min later than their low trait flow peers. These abovementioned differences were discerned using a self-reported measure (the Game Engagement Questionnaire) 45 that was administered amongst screening questionnaires, and then, ~1-2 weeks later, observing adolescents turning off their game to attempt sleep via an objective measure (i.e., real-time camera viewing). This provides some support for the short-term stability of trait flow and its unique contribution to adolescents bedtimes immediately after videogaming. Similarly, adolescents self-reported their state flow experiences after each night of videogaming. The findings show that adolescents who reported high state flow went to bed significantly later than their low state flow peers, but only when flow conditions were optimal (i.e., hard condition; bedtime difference ~ 1.5 hrs).
These findings thus provide some support H2 and provide stronger support for the displacement hypothesis (i.e., pre-bedtime activities displacing sleep) 7 as a mechanism linking technology use and 'sleep'. Interestingly, no significant differences in bedtimes occurred during the easy game difficulty condition (bedtime difference = 17 min). Another way of viewing these findings, is that regardless of whether adolescents reported high or low state flow scores, when the game difficulty was easy, bedtimes were not meaningfully different.
When designing the present study, we learned that very few console videogames are now delivered with manual difficulty level settings. Conversely, game developers are increasingly automating game difficulty, which tailors the balance between challenge and M A N U S C R I P T
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13 enjoyment for each individual player 34 . Whilst videogames are meant to be an enjoyable pastime, 'dynamic game balancing' can create optimal flow conditions, which can make it difficult for some gamers to stop. This may be a contributing factor to excessive gaming at the expense of engaging in other important areas of life (i.e., social, vocational, occupational, health). At this extreme end, adolescents may be at risk of developing Internet Gaming Disorder (IGD) 56 . While we acknowledge that the majority of adolescents are unlikely to develop IGD, we note that the implications from our study are that it is not just adolescents high on trait or state flow who need to improve their self-regulation, but there is an onus on game developers to be cognisant of the potential harms from flow induced by dynamic game balancing.
Also of note was that adolescents selected later bedtimes in the laboratory than when they are usually at home. This may be due to the lack of time devices in the sleep laboratory setting, which may have created time distortions associated with flow experiences [25] [26] [27] [28] .
However, bedtimes in the laboratory during easy game difficulty conditions (i.e., when flow was likely disrupted), were still later than adolescents' usual bedtimes in their home environment. Thus, it may be that adolescents' usual bedtimes are influenced by their parents.
Although older adolescents do no usually have a parent-set bedtime 16, 57 , we nevertheless suspect many adolescents would not risk being caught videogaming beyond midnight on a school night, nor take part in excessive gaming on consecutive school nights. Findings from visual analogue scales in the present study indicated that adolescents were primarily motivated to choose bedtimes based on social obligations (i.e., school the next day), and thus it is likely that this is a more conscious decision in the home environment. However, aside Although the findings from the present laboratory study concur with our previous survey findings 23 , replication of these studies is nevertheless needed in order to raise confidence in the notion that high flow states during videogaming lead to later bedtimes.
Within-subjects designs in a controlled laboratory setting can assist in reducing individual and external confounds, respectively, however they are limited in their external validity.
Thus, independent studies with larger samples are warranted. Also, conducting similar studies in the field (i.e., home environment) would assist in translating these laboratory findings to the real-world, and has been performed in previous videogaming-and-sleep studies 14 . The present study's overarching aim was to examine the effect of the individual difference factor, flow, on adolescents' bedtimes. We did not measure the subsequent sleep of adolescents, nor their daytime functioning the next day. Sleep and daytime functioning are also aspects of technology-and-sleep models 8 , and thus also require further examination.
Conclusion
Videogaming is broadly acknowledged to have negative effects on sleep 8, 17 . The present study extends our knowledge by the discovery of a novel individual factor -flow -which influences the relationship between videogaming and sleep during adolescence. Flow was found to predict self-selected bedtimes during 'hard' game difficulty conditions, where there was a balance between challenge and skill. Similarly, our proxy physiological measure (i.e., low heart rate) indicated adolescents were more likely to experience flow states when there was a balance between challenge and skill. Although the experimental design of the study limits extrapolation of the findings to real-world videogaming behaviour, the finding of another individual difference factor being a key determinant of the impact videogaming has on 'sleep' is an important one. As such, recommendations about moderating videogaming behaviour for game development companies, parents and young people should be expanded to account of these individual factors, and mitigate the negative impact of videogaming on sleep during adolescence. 
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Highlights
• Flow during videogaming is a balanced state between challenge and engagement
• Flow may be observed as evidenced by differences in heart rate after 150-min of videogaming
• Game difficulty that engenders a flow state does not affect adolescents' bedtimes
• Adolescents with high trait flow have later bedtimes when game difficulty is balanced
• Adolescents who report high state flow have later bedtimes when game difficulty is balanced
